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A  STUDY  OF  IHI  nFLOSZOM  LIMITS  (V  SIMPLE  DIFLUOIAMINO  OOHFOOMDS  (C) 

1.  ABSTRACT 

i^paratut,  Including  an  air  furnaea,  has  bsan  fabricated  for  studying 
ths  ai^loslon  limits  of  gaseous  lt2>bisdifluorsainopropans.  Modal  smparinants 
havs  bssn  parforusd  in  tha  apparatus  with  sthyl  nitrata  with  satisfactory  results. 
Prsliminary  tests  havs  baan  parfonsd  with  a  prassura  transducar-oseilloscops  apparatus 
with  tha  goal  of  applying  this  tachniqua  to  tha  dataction  of  axplosions. 

Pyrolysas  of  gasaous  1,2-bisdifluoraminopropana  at  2S0-270*C  hsva  baan 
parfomad.  Tha  data  appear  to  obey  half*ordar  kinetics  and  to  ba  surfaca- 
dapandant. 


11.  raTEOBUCTZOM 

This  is  the  first  quarterly  progress  report  on  this  rasaareh  program. 

In  this  program  wa  plan  to  investigate  tha  explosion  limits  of  certain  gasaous 
difluorsmino  compounds.  Those  salactad  for  initial  stud^r  are:  1,2-bisdifluorsBiino- 
propana,  2,2-bisdifluoramlaopropana  and  l,2>bisdifluoramino*2-mathylpropaaa.  Va 
will  establish  idiathar  tha  axplosions  are  of  tha  thamal  or  braachad-dialn  type 
and  will  datarmina  tha  affect  on  ths  explosion  limits  of  various  chamieal  spacias, 
choaan  for  their  axpactad  inhibiting  affect  on  tii*  reactions  involved. 


111.  I4.JGUU  Dotnic  PRBSBirr  mioo 

Wa  have  devoted  our  efforts  to  data  to:  (a)  fabricating  apparatus  for 
tha  studies;  (b)  performing  model  axparlmants  with  at^l  nitrata;  (c)  parfoming 
preliminary  kinatic  axparimsnts  on  t^  pyrolysis  of  l,2*>bisdifluoraniaopropans; 
and  (d)  testing  prassura'>sansing  aquipmant  for  use  as  a  means  of  damonstrating 
whether  explosion  or  rapid  dseomposition  occurs. 

A.  Apparatus 

Wa  plan  to  study  explosion  limits  by  tbs  rapid  adsission  of  tha  vapors 
of  tha  coa^ound  to  a  vassal  maintained  at  some  fixed  alavatad  tamparatura,  and 
to  dstamine  under  what  conditions  of  tamparatura  and  prassura  axplosion  occurs. 
Tha  first  compound  wo  will  study  i*  1>  2»bisdif luoramin^ropana . 

Ixparimsnts  of  this  sort  are  conveniently  parfomad  using  a  glass 
vaewsB  line,  and  «s  have  constructed  a  conventional  type  of  vacuum  system  equipped 
with  msnomatar,  a  Nelaod  gags,  reservoir  bulbs,  and  various  stopcock  inlets. 

Ths  feature  of  our  aquipmant  that  required  special  design  was  the 
furnace  to  be  used.  From  ths  fact  that  thermal  deconpesltlen  of  tits  species  we 
will  be  working  with  occurs  at  a  measurable  rate  at  around  200*C  (1)  wa  feel  that 
explosion  can  probably  be  Observed  below  A00*C.  Altiiough  liquid  media  tiave  been 
used  for  constant  temperature  baths  at  400*C  and  hi^r.  we  felt  that  an  air 
furnace  would  be  much  aor*  convenient,  and  havs  constructed  one.  It  consists  of 
a  cubical  aluminum  box,  twelve  inches  on  a  side,  which  is  si^ported  at  As  center 
of  a  ctAical  transits  bos,  two  feet  on  a  side.  The  intersanular  space  is  packed 
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with  •xpaadad  MgMfla  block  inoulotion.  Tho  Intorior  of  tho  oltaiiiiui  bos  can 
bo  oboorvod  vloually  ehrouch  tlooo  window*,  which  or*  located  at  tiia  cantor  of 
two  opposite  faces  of  the  transits  bos.  Sealed  evacuated  photosMtric  cells  fora 
the  paths  tram  the  transits  walls  to  the  aluainun  walls. 

The  aluBiinua  bos  is  heated  by  insulated  nichroae  wire  which  is  esaented 
in  spirals  of  equal  lensth  on  each  face  of  the  bos.  We  have  found  that  the  bos 
can  be  aaintained  at  300  i  1*C  easily  by  aanual  adjustasnt  and  could  undoubtedly 
be  heated  several  hundred  degrees  higher  without  trouble.  The  bos  can  easily 
accoHDodate  a  two- liter  flask  and  we  do  not  anticipate  the  necessity  of  a  larger 
flask  at  the  present  tins. 

The  furnace  is  equipped  with  a  reaovable  section  in  the  top  which  has 
vertical  ports  so  that  tbs  reaction  flask  can  be  conveniently  placed  in  the  furnace 
and  its  neck  can  eowunicata  with  the  vacutss  line  through  one  of  the  ports.  Iherao- 
eouples  can  be  introduced  through  the  other  ports. 


B.  Inner insnts  with  Ithvl  nitrate 

We  %iere  interested  in  perfoming  esperiaents  with  a  nodal  eooqpound  whose 
esplosive  behavior  was  well  known.  Ithyl  nitrate  seened  to  be  a  very  convenient 
candidate,  and  one  which  has  been  well- investigated  (2,3). 

In  a  maifeer  of  esperiaents  over  the  teaperature  range  of  250-300*C,  we 
were  able  to  observe  esplosion  in  our  apparatus  as  indicated  by  light  evolution. 

The  reaction  vassal  used  here  was  a  300  cc  spherical  bulb.  The  ll^t  evolution 
evidenced  itself  as  a  flash  of  varying  intensity.  Hany  investigators  have  relied 
on  visual  observation  as  evidence  of  esplosion  and  the  ethyl  nitrate  esperteents 
reinforced  our  belief  t2iat  light  evolution  is  a  satisfactory  indicator  for  es- 
ploslon*.  However  it  would  certainly  be  desirable  to  have  an  objective,  soaewhat 
aore  precise,  asthod  for  dsteraining  whether  esplosion  had  occurred  and,  in  the 
absence  of  esplosion,  for  giving  soew  indication  as  to  the  course  of  events. 
Ksufaaa's  (3)  elegant  esperisantal  technique  represents  the  type  of  approach  that 
yields  a  large  return  of  infomation  per  esperlaent.  We  do  not  fsel  that  our 
goals  Justify  the  espenditure  of  tiaa  and  hinds  required  for  instruaentation  as 
elaborate  a*  KaufMa's,  but  we  have  devoted  soae  effort  to  the  essaination  of  a 
fast-response  quarts  pressure  transducer  to  see  if  it  would  be  useful  for  detecting 
esplosion*.  These  esperiaents  have  Just  recently  been  started  and  are  described 
in  Section  C  below. 


C.  isperiaents  with  the  Fressure-gensina  Apparatus 

The  i^aratus  available  to  us  for  neasureasnt  of  pressure  transient* 
consists  of  a  Vsktrenis  S3SA  Oecilloscope  and  an  SUM  Fressure  Indicator  (Kistler 
Instruaent  CBapeny).  Tbs  pidt-up  alaasnt  is  a  quarts  crystal  transducer,  the 
signal  froa  which  is  displ^d  on  the  oscilloscope.  We  have  perfomed  a  few 
esperiaents  idarsin  sir  was  adeitted  to  an  evacuated  300  cc  spherical  bulb  to 
whidi  the  gage  was  eonnseted,  and  the  oscilloscope  trace  photogra^d  by  aeans 
of  a  Polaroid  caaera.  We  have  observed  rise  tines  of  ebout  30  Billiseconds  when 
the  stopcock  has  been  opened  aa  rapidly  as  possible.  At  the  hi^st  sensitivity 
setting  available,  dm  oscilloscepe  deflection  has  been  about  1  an  per  an  Hg. 
This  should  be  adequate  for  our  esplosion  Unit  esperiaents. 
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D.  frtllainarv  ati  with  1.2-blidtfluor— iappropaw 

U«  h«v«  r«c«lv«d  (4)  100  g  of  l,2>blsdl£luoraainoprop«M  dlaporsod  ••  a 
201  aolution  in  Mthylana  chloride  froo  tha  du  Pont  Baatam  Laboratoriaa.  Wa  hava 
reiBOvad  tha  ewthylana  chlorida  by  dlatlllation  at  ataoapharic  praa'  ,  ualng 
aamplea  containing  no  nora  than  3  g  of  the  difluoranino  coo^ound.  Va  have  taatad 
the  purity  of  tha  difluoramlno  compound  by  paaaing  it  through  a  gaa  chromatograph 
containing  a  colinn  packed  with  dinonyl  phthalate  on  fire  brick.  The  raaulta  in¬ 
dicate  that  tha  compound  ia  at  least  99%  pure.  A  aampla  of  thia  compound  haa 
been  fumiahed  to  Dr.  Jerome  K.  Koaen  of  the  U.  S.  Haval  Ordnance  Laboratory  for 
tearing  in  hia  aenaitivity  program. 

Wa  hava  performed  a  ntasber  of  experlmenta  to  determine  approximate  ratea 
of  pyrolyaia  of  the  vapor  of  thia  material.  The  experimanta  have  been  performed 
by  admitting  tha  vapor  to  a  300  cc  apherical  glaaa  bulb  located  in  tha  furnace  and 
equipped  with  a  mercury  manometer  external  to  the  furnace.  Tha  mercury  haa  been 
protected  by  a  layer  of  Kel-F  oil.  We  have  performed  five  axparimenta  in  which 
we  have  sMasured  the  rate  of  the  reaction  manoarntrically.  Va  have  found  that 
good  atraight  linea  have  been  obtained  whan  the  reaction  ia  plotted  aa  if  the 
kinetica  were  half  order  in  difluoramlno  coi^ound.  It  ia  praaMture  to  draw  aay 
mechaniatic  concluaiona  from  thia  kinetic  behavior,  but  aince  tha  curves  are  linear, 
they  offer  a  convenient  swthod  for  comparing  different  experimanta.  In  the  table 
below,  aa  a  meaaure  of  the  rate  we  have  Hated  tha  rate  conatanta  obtained  from 
the  half-order  plota  and  tha  half-livea.  We  have  Hated  tha  latter  in  order  to 
compare  tha  raaulta  with  thoae  reported  by  Mill  (1).  Since  in  all  theae  experl- 
menta  ne  initial  reactant  concentrationa  were  approximately  tiie  aame  (P  ai  30  an, 
or  n/v  m  1.7  X  10*^  nolea  1**),  the  half  Hvea  and  the  rate  conatanta  are  approxi¬ 
mately  proportional. 


TABU  I 


No. 

Temp.  (*C) 

V!f 

k  (mm  Hg^  min*^) 

1 

270 

2.2 

0.53 

3.5 

2 

270 

2.0 

0.49 

3.7 

3 

260 

2.3 

0.25 

7.0 

4 

250 

1.7 

0.017 

58 

5 

262 

2.0 

0.052 

28 

The  experimanta  are  Hated  in  Table  I  in  chronological  order.  Thia  ia 
done  because  the  first  three  experiiaenta  gave  rates  much  higher  than  tha  last 
two.  We  do  not  know  why  this  is  ao.  We  have  obaerved  a  tarry  blade  coating  on 
the  flask  surface  after  experiment  1;  we  left  it  on  to  see  If  it  would  affect 
the  kinetics,  and  aftar  experiment  2  it  was  gone.  The  flask  was  not  examined 
again  until  after  experiment  S  whan  the  coating  was  again  present  (cf.  ref.  1). 

When  activation  cnergias  are  calculated  from  experiments  1-3  and  4  and 
S,  the  resultant  valuas  are  43  kcal/awle  and  47  kcal/mole;  in  other  words,  the 
temperature  dependences  of  the  two  sets  of  data  are  quite  close  to  each  other. 
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IxtrapoUtlon  of  ttw  data  of  antriaa  1>3  to  187*C  loads  to  a  half«llfa  of  about 
2300  hours  whlla  axtrapolatioa  of  the  data  of  antries  4  and  5  loads  to  a  half- 
llfa  of  about  10,000  hours.  Mill  (1)  observed  half-lives  of  about  55  hours  in 
glass  vessels  at  187*C.  The  present  results  lead  to  the  conclusion  that  at  187*0 
the  reaction  is,  as  suggested  in  ref.  (1),  probably  heterogeneous.  However  the 
present  results  also  suggest  that  the  reaction  is  probably  at  least  partly  hosn- 
geneous  in  the  270*0  temperature  region  and  they  support  our  original  belief 
that  temperatures  of  about  400*0  would  be  sufficient  for  explosion  at  moderate 
pressures. 


Table  I  shows  that  the  pressure  increases  observed  corresponded  to  the 
formation  of  approximately  two  sules  of  products  per  mole  of  reactant.  Ua  have 
so  far  dona  little  to  establish  the  nature  of  the  reaction  products.  Pralisiinary 
examination  of  these  products  suggests  the  presence  of  nitrous  oxide  and  silicon 
tetrafluoride  indicating  reaction  with  the  glass  walls. 


IV.  PLANS  FOR  THE  FUTURE 

In  the  next  quarter  we  plan  to:  (a)  perform  further  experiments  with 
the  pressure  gage  with  air,  widt  ethyl  nitrate,  and,  if  these  are  satisfactory, 
with  1,2-blsdifluoraminopropane:  (b)  investigate  further  the  pyrolysis  of  1,2- 
bisdifluoraminopropane  at  around  300*C;  (c)  investigate  the  nature  of  the  produeta 
of  pyrolysis  and  of  explosion. 
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1 

(i> 

National  Aaronautlci  A  Spaca 

CP-8 

Arnold  Bnglnaarlng  DavalopaMot 

CP-59 

CoMander 

CP-75 

1  Adalnlatratlon 

Cantar 

Aarooautlcal  Raeearch  Lmboretory 

f  Lewla  Reiaarch  Cantar 

Air  Forca  ayatama  CoMand 

Vrlght-Fattaraon  Air  Force  Baae 

21000  Brookpark  Road 

Tutlahoma,  Tannaaaaa 

(1) 

Ohio 

Clavaland  33.  Ohio 

Attn:  ABOIM 

Attn;  AFC,  Karl  Bcbellar 

(1) 

Actn:  Library 

(1) 

1 

1  National  AaronauCloa  &  Spaca 

CP.9 

Dafanaa  Documentation  Cantar* 

CP-61 

Aeronautical  Syatama  Division 

CF-78 

i  AdaLnlitratlon 

Arlington  Hall  Station 

Wrlght-Pattartoo  Air  Forca  laaa 

1  Launch  Oparaclona  Canter 

Arlington  12,  Virginia 

(10) 

Ohio 

1  Cocoa  Beach,  Florida 

Attn;  ASRCtt-1 

(1) 

Attn:  Library 

(i) 

1 

National  Aeronautic!  &  Spaca 

CP-10 

*BuUaapa  contracts 

Aaronautleal  Syatama  Division 

CF-76 

Adeilnlatratlon 

VIA:  Bureau  of  Naval  Vaapona 

Hrlght-Pattaraon  Air  Forea  laaa 

Hannad  Spacecraft  Center 

Dapartmant  of  tha  Navy 

Ohio 

1  P.O.  Box  1537 

Vaahlngton  23,  D.C. 

Attn:  ASRCEM-l 

(1) 

1  Houaton  1,  Tcxae 

Attn:  BLI-301 

Attn:  Library 

(1) 

1  National  Aeronaut  Ice  &  Spaca 

CP-ll 

Air  Force  Rocket  Propulalon 

CP-62 

Commander 

CF-80 

Adalnletration 

Laboratory 

AKBC 

George  C.  Harehall  Spaca  Flight 

Edwarda,  California 

Foreign  Technology  Dlvlaion 

Canter 

Ac  to:  DGPL 

(1) 

Vrlght -Patterson  Air  Force  Base 

1  Huntivllla,  Alabaxaa 

Ohio  / 

1  Attn:  Library 

(1) 

Attn:  kTD(TD-I3b) 

(1) 

1  National  Aeronautic!  &  Spaca 

CP-12 

Air  Force  Rocket  Propulalon 

CP-63 

CoMandlng  Offlear 

CF-15 

1  Adalnletratlon 

Laboratory 

Ballistic  Kasaarch  Laboratoriea 

Langley  Raaaareh  Center 

Cdvarda 

Abardean  Proving  Ground 

Langley  Air  Force  Baae 

California 

Maryland 

Virginia 

Attn:  DGPS 

(1) 

Attn:  BLl 

(2) 

||  Attn:  Library 

<3) 

National  Aeronautlce  &  Spaca 

CP-13 

Air  Force  Rocket  Propulalon 

CP-64 

Cnamiand ing  Officer 

CP-19 

1  Adxilnl  aeration 

Laboratory 

Harry  Diamond  Laboratoriea 

■  Waahington  23,  D.C. 

Bdvarda 

Vaahlngton  25,  D.C. 

*  Attn:  Office  of  Technical 

California 

Actn:  AMXDO-TIB 

(i) 

Information  &  Educational 

Attn:  DGR 

(1) 

Program!,  Coda  ETL 

f 

(i) 

Scientific  and  Technical 

CP-14 

Air  Force  Rocket  Propulalon 

CP-45 

fnundlng  Officer 

cr-20 

Information  Facility 

Laboratory 

Ordnance  Office 

1  P.O.  Box  3700 

Edvarda 

Duke  Station 

9  Bethaada,  Maryland 

California 

Durham.  North  Carolina 

(n 

Attn:  NASA  Repraaantatlva 

(2) 

Attn:  DCS 

(i) 

C  r  I  A  IktllH  LUt,  HI*  1 
July  IMS 


CasHaAlac  Offlear 

Aray  Aataarak  OffUa  (Oarkia) 
Aaa  CM,  Aaka  Autloa 

CP-Sl 

luraaa  af  Vaual  Maayaaa 
Aayarutat  af  tka  V^ 
MaakUotaa  SS,  D.C 

CP-S7 

Vaytrkaaat  af  tka  Vauy 

OffUa  af  Vaual  Saaaarah 
Maaklaftaa  SS,  D.C. 

CP-SS 

Vurkaa,  Vartk  Carellna 

(1) 

Attat  MVU 

<1) 

Attai  OaAa  ASA 

(1) 

CamMInc  OlCUur  CT-SS 

U.t,  Anqr  Ckualeal  lUMurcIi  tm4 
DtvuloyMut  lakorutorlai 
UguuaoJ  AimuI 
HuryluuJ 

Attn:  Chlaf,  nqralcachaailcal 

laaaarch  Dtulalaa  (I)  ' 


CaaMaAtat  Ofitear  Cf-lS 

rraaktaml  Araaaal 
nillaAalyhU  SI 
Haaayluaata 

Attai  frayallaat  anA  laylaaiuaa 


Aaatlea,  ISSI 

(1) 

CoaaaAlac  OffUar 

CP-SS 

Plaatlaay  Araaaal 

Oouar,  Muu  Jaraay 

Attat  Llkrary 

(S) 

turaau  af  Mavat  Haafaaa  CT-SA 

Aayaffaat  al  tha 
Haaklattaa  SS,  ».e. 

Aktat  UU>A  (1) 


Ci^aAir  Cr-AO 

H.t.  laval  NiHtla  Caatar 
tolat  Hula.  CallfanU 
Altai  Tackaleal  Llktaty  (S) 


U.l.  aaval  OrAaaaaa  Lakaratary  er>Al 
Caraaa,  Calitarata 

Attat  r.J.  Ilata,  Jr.  (1) 


Dlraetar  (OaAa  AIM)  CP-SS 

V.A.  Haaal  laaaarali  Lakaratary 
Maaklaataa  SS,  D.C. 

Attai  A.H.  Carhart  (I) 


Atraatar  CP-SS 

Ayaatal  Prajaata  OMiaa 

Bayartwat  af  tP  Javy 

Haaktagtaa  SS,  t  (I) 


Cf  taAiag  Offlear  CP-SA 

V.A.  Baaal  PaAamatar 
OrAaaaaa  Atatiaa 
■aayart,  HiaAt  lalaaA 

Attai  W.V.  lartlatt  (1) 


CaauMAlai  Otftaar  CP-SA 

Plcattaay  Araaaal 
Ll^tA  Aaakat  Prayalatan 
lakaratary 
•aaar,  Via  Jaraay 

Atta:  Skclwlaal  Llkrary  (S) 


V.A.  Vaual  OrAaaaaa  lakaratary 

MMta  Oak 

Atluar  Aprliw,  WwylaaA 

Attai  Llkrary  (S> 


V.A.  Vaual  Mtiyiai  lakaratary 
Vaklyraa,  Vlrtlata 

Attai  faahalaal  llkrary  (1) 


CaaMaAlao  Ataaral  CP-S« 

V.A.  Anqr  Mlaalla  OMaaaA 
AaAataaa  Araaaal 
Alakaaa 

Attai  lackultal  Llkrary  (S> 


V.A.  Vaual  OrAaaaaa  tkat 
Atatiaa 

Cklaa  taka,  CallfaraU 

Attai  CaAa  AS  (S) 


AaraSat-Vaaaral  Oarparatlaa  CP-AS 

P.O.  Aaa  SM 
Aaaaa,  Callfarala 

Attai  Llkrtriaa  (S> 


Mlta  I 
Vaa  Ihuiaa 

Attai  Haakalaal  llkrary 


Aaraaa  al  Vr«l  Maayaaa 
Vayarf  at  af  tka  V^ 
Vatklaytaa  IS,  V.C. 
Attai  AU-S 


Aaraaa  af  Vaual  Maayaaa 
Vayarkaaat  af  tka  V^ 
Mtaklaytia  tS,  V.C. 
Attai  IMP-S 


af  tka  Vary 

IS,  V.C. 

•I 


CP-SO 


(1) 


CP-SA 


(S) 


CP-SS 


(t) 


CP-SA 


(I) 


V.A.  Vaual  OrAaaaaa  Vaat 

Cklaa  Laka,  CallfaraU 
Attat  taakalaal  llkrary  Araaafc 


V.  A.  Vary  MatvraAaata 
Aakaal 

Vaual  AaaAaay 
Mtataray,  CallfaraU 


OMaaAlM  Offlaar 
V.A.  Vaual  PkayalUat  PUat 
laAlaa  VtaA,  I^UaA 
AtUi  Titkalaal  llkrary 


CMaaaAlM  MOmt 
OffUa  at  Vaual  Vaaaarck 
lAM  V.  Araaa  Atraat 
UoAaaa  1,  CallfaraU 


CP-AA 

Aarajat^  iaral  Caryaratlaa 
11711  Saata  MaaOraft  Auaaaa 
Daaaay,  CallfaraU 

Atui  Plaraaaa  Halak 

CP-AA 

(S> 

UkyarUa 

(1> 

CP-AS 

Aarajat-Caaaral  Caryaratlaa 
P.O.  Vaa  1007 

Aatrtaaati,  CallfaraU 

Attai  latkaltal  tafaraatUa 

CP-AS 

(1) 

OffUa 

<S) 

CP-AA 

AaraaatraaU  MuUtaa 
VarAMatar  Ouptay 

PatA  VaaA 

CP-AA 

(« 

Vtayart  iaatk.  CallftiaU 

Atui  Dr.  I.I.  llaAtr,  Ntaai 

lar 

Vaakaual  lafaraatua 

Dayt.  (1) 

CP-Sl 

Aarayrajaata,  laaaryarataA 

vaat  Ckaaaar,  DMaayluaaU 

CP-A7 

(l> 

Atui  C.D.  HMUaaay 

(1) 

e  P  I  A  NiUliii  lilt,  paa*  3 
July  IU3 


Aarotpau  Cwparattwi 

CP-U 

Chaaical  Prapalalaa 

CP.llA 

Alllaaa  Dtrlclaa 

CP-11' 

P.O.  laa  t3M5 

talwaaciaa  Apaacy 

Oaaaral  Natara  Carparatlea 

U>f  Anaalat  AS,  Callfarala 

(2> 

AppllaS  Ihpaiaa  Laharatary 

laSlaaapalU  A,  laSUaa 

Attat  LlArary-Bocuaaata 

1421  aaersla  Auaaaa 

Attat  Plaat  0 

Slluar  Sprlag,  MarylauS 

<S> 

%chalcal  Library 

Mr.  I.R.  halth 

(l> 

AlltaA  Chaaical  Carparallan 

CP -At 

tauRlaa  Aircraft  Op.,  Sac. 

CP-121 

Raraalaa  PRaSar  Caaapay 

(cP  »  Ht 

Oauacal  Chaaical  Olytataa 

SaaU  Maalca  Rlylalaa 

Allaoaay  Sal  Hat  lea  laharatary 

Racaarch  lakoracary 

Saata  Haalaa,  Callfarala 

P.O.  laa  210 

P.O.  laa  AOS 

Atta:  J.l.  Raiaaaa 

(13 

flMbarlaaS,  MarylaaS 

Ncrrlataaa,  Mcm  Jaraay 

Atta:  L.J.  Hltrakta, 

Attat  Llbr^ 

(') 

Security  Officer 

<13 

Aarcl  PraaulalAu  Caapeny 

CP -at 

lha  Sea  ChcalcAl  Caapaay 

CP-123 

Rcrculaa  PaaSar  Oaapaay 

cf  \r* 

■m  30A« 

Security  Sactlaa 

Raavll,  Raa  Jaraay 

Aaheultic 

Raa  SI 

Attat  Library 

(1) 

Rarth  Carallna 

<13 

NlSIaaS,  MlahlRaa 

Atta:  Or.  R.S.  Rarpluh 

l?10  SulUlBR 

(1) 

Aaerlcaa  CyaacalA  Coapaur 

CP  aj 

t.I.  SuPaat  SaSaaaura 

CP  IIS 

Raiculaa  PaaSar  Oaapaay 

«:>»  !4? 

tcj;  Heat  Mata  Strcai 

aaS  Oaaaay 

Racaarch  Caatar 

ScaafarS.  Ccaaactlcut 

laacara  lekeratary 

Rilalaotaa  aa,  Oalaaara 

Attn:  S4  jrlty  Officer 

(13 

eitbataua,  Raa  Jaraay 

Atta:  Sr.  Raiwaa  Shalalc, 

Attat  RPa.  Alice  R.  StraarS 

<13 

tachatcal  lafaraatten 

Otvlalaa 

{|> 

Aroaur  Saaearch  PauaSatlau 

cr-as 

Saaa  Racaarch  aaS 

t;p  ua 

laatltute  far  Rafaaaa  Aalyaia 

af  llllaala  InaiUuta 

OtRlaaarlaR  Oatpaa* 

Racaarch  A  Saolaaarlas 

af  TArhaalaty 

Special  Prajacta  Oalt 

Suppart  Oirlslaa 

Tachaalaty  Oaatar 

P.0.  Raa  S 

kttm  tiClllllMl  UlOTMtiM  Ofnc<3 

Chlcaoa  lA.  tlUaala 

tlaSaa,  Raw  Jaraay 

IRIS  Caaaaetleat  AM<n>e 

Ml 

Acca:  C.K.  Sarah 

Attat  Ik.  O.l.  RaaSar 

<i) 

MaablRRtaa  t,  O.C. 

Chaalacry  Olrlalun 

<13 

ASO,  IncarparataS 

CP  at 

Sthyl  Oarparatlaa 

CP- IIS 

Jet  Prapalalaa  lakaratary 

AraaU  Inglaaartns  Oaralapaaiic 

Racaarch  Laharatarlaa 

ASOO  Oak  Oraua  Orlea 

Caatar 

lAOe  Meat  ll^t  mia  Raa4 

PRaaScaa  3,  Callfarala 

AraaU  AP  Statlau 

ParaSala,  NlablRaa 

Attat  l.t.  Raalaa 

Tauacaaaa 

Atta:  1.0.  SIfkIa 

Chief,  Raparta  Croup 

(O 

Attn:  Or.  S.S.  Oarthart 

Aaalataat  Otractar 

Olractor  af  Knara. 

<13 

Chaaical  Racaarch 

(1) 

Allaatlc  Racaarch  Carparatlan 

CP  102 

lha  Praahlla  laatttuta 

cr  132 

Arthur  0.  little.  Inc 

’•r  1M» 

Haatara  DIalalaa 

20tb  aaS  Parhuay 

IS  Accra  Park 

lOf  laay  Straac 

IhllaSalphIa  3,  Paaaayleaala 

CahrUoa  AO 

SI  Ncaca.  CallfaraU 

Atta:  NIaa  karlaa  ■.  Jahuaau 

Naaaachuaattc 

Alta:  R.  RlaSaraaa 

<13 

Ukcarlaa 

Attn;  W.H,  tar  ley 

tachatcal  Raparta  Llkrarr  <13 

Ratalla  NaaarUl  laailtuta 

CP-US 

Oaaaral  SyaaBica  /Oaaualr 

cr-iji 

backkaaS  Propulaion  r.*..,  . 

i  ; 

SOS  Ilao  Auaaua 

Saa  Olcfc  11,  CalKa**!* 

P.O.  Raa  IP. 

Calaakaa  1,  dhia 

Attat  ShM-  Ukrapy 

SaSlaaSa,  Callfarnla 

Atta:  Rapart  Lthrary 

R.«.  OUlr,  Ch.  Ubm. 

Altai  NIaa  Ralla  Rorlaa 

Urn  AA 

<l) 

Ibll  laaa  30<43 

(1) 

llbrlan 

i  » 

Sail  Aaraapataa* 

CP-IOS 

Oaaaral  llactrla  IMpaay 

cr-11* 

Raa  1 

Claclaaatl  IS,  Obla 

Suffala  S,  Raa  Taah 

Altai  lackalaal  lafacaatlao 

Atta:  T.  RalaharSt 

<13 

Caatar 

<u 

ttm  SaalRf  Oaapaay 

cp-m 

WarRuarSt  Oarparatlou 

■  r  t'i  -3 

Sara  Spaaa  Otalsiaa 

lASSS  Oaticay  Straat 

P.O.  Raa  SMP 

Raa  IRIS  •  Raath  Aaaaa 

CM 

Saattla  M,  USaMaRtaa 

Paa  Raya,  (Mllfarala 

AtM! 

Llk.  M.  Ch. 


o» 


e  r  t  A  MiUiH  Lilt,  pifi  4 

Mty  IM3 


Hrtla  OHpaap 

CP-IM 

Mai  aaO  HM  Caapaap 

CP-IU 

HIn  CaikMa  Ckniral*  Ca. 

er-m  1 

■lAtIkaiia  3.  HrplaaA 

AnmmI  UssmmIi 

P.O.  m  IMA 

m 

Altai  falaaaa  Hakaalagp 

Mvtolaa 

HaHlaal  Caatar 

Ukrarp  -  Hll  3N 

(t> 

Hatarllla,  Alakaaa 

laatk  Ckarlaatn  3 

Attai  LIkcariM 

<t) 

Hat  VIrtlaU 

1 

Attai  H.  I.V.  IcHIa 

(.)  1 

Hrtla  Caapaap 

CP-ISI  ‘ 

CP-IIS 

Hit*!  Aliaraft  Carparattn 

OP-MI  1 

AfaaaaaA  taakaalafp  Ukrarp 

Oarparatln  Ukrarp 

1 

•>0,  Ha  im 

1  tpaaa  Hrk 

AMHMHfWM 

Haaar,  OalaiaAa 

<l) 

MaaH  laatk,  Hlllanli 

Hat  Hrtfatl 

Altai  tn.  Hak.  LIk.  lat. 

Caaantiaat 

•aca  fait  laa* 

(t> 

Attai  H.  HrU  lit 

...  1 

Hrtla  Oupaap 

CP-IM 

CP-117 

Hltal  Alrataft  Oarparatln 

CP-103  _ 

OrlaaAa 

Hate  A  HItaap  PlarIH  Haaarak 

1 

PlarIH 

P.O.  In  1-V 

A  Hvalapant  Oaatar 

1 

Altai  Ukrarp 

<l> 

ktiku*  t,  VlrplaU 

P.O.  Ha  tHl 

Attai  Ukraalaa 

(1) 

Hat  Hla  Haak 

PlarIH 

Attai  Ukrarln 

Maaaaata  HlalH  A 

CP-IM 

fklakal  Ckniial  Oarpaaatln 

CP-IM 

Hltal  Ikaknlaip  Caatar 

CP-IOA 

Haafactarlag  Oapaap 

Alpka  Mrtain 

P.A.  Ha  3M 

MO  laak  Aaaaaa 

Hatarllla  Plaat 

•aaapnla,  Hllfarala 

•t.  faal  A,  Haaaaara 

Hatarllla,  Alakaa* 

Attai  Ukrarln 

(l> 

Attai  i.t.  laaa 

Altai  Hakalaal  Mraatar 

(t> 

-i 

VU  ■.•.  laaM 

•aaurltp  AfalaUtvatar 

<» 

-• 

Haaaata  Haaarak  OMpacatlaa 

CP-lAl 

Iklakal  Ckaalaal  Oarpaaatln 

CP-IM 

■rltlak  Hfnia  Haff* 

P-1 

Hataa  lakatatarlaa 

Alpka  Mrlain 

HltUk  Hkaaap 

taaratt  Statlaa 

•pan  Haatar  Plaat 

SIM  Haaaakaaatta  Aaaan 

Hataa  At,  Haaaakaaatt* 

Imnlrk,  Harjla 

(1) 

HHlHlaa.  A-C. 

(A) 

Attai  tlkcarp 

(1) 

Mw  iMk  •iit«ir«it]r 
l»iwrili  lalUtiic  Mi.  3 
U1  NHha  Umttm  IM 
•■twntty  liliM*  M 
•m  IMfc 


cr-tu  ikiatoi  ckMUMi  OMvmtiM  cr>in 

ItkMa  Matstn 
IlkMa,  IlMTiMrf 

Mtai  UteariM  (1) 


itw  1>IM  AMfl  (V) 

:U  I 

.  9.e. 


r-t 

(«> 


AtUI 


t  OMt»l-«JN 


(»» 


M«  Talk  Mitvaralty 

■attaaartai 
■aa  Taah  Sli  laa  Itifc 
Altai  r.r.  Wtaaaratta 


cr-i«s 


(1) 


Ihiafeal  ChMlaal  Owataatiaa  CT-m 
laactlaa  Natata  Malalaa 
•aaallla,  Ma  JtwtHf 
Altai  Ukrarlaa  (1) 


Air  Varaa  aaatraatai 

m  tmairtara 

All  Raraa  tyaiaaa  rwwl 
Aairaaa  Air  Pataa  laaa 

Wiilili^raa  IS,  ».G. 

Altai  m-AlO'tlSS) 


■arth  Aaartaaa  Aalatlaa,  laa.  CT-IAA 
•pa**  A  laiiwall**  ••*••■• 

MvUtaa 

IttIA  Ufea***A  laalaaaH 
•****7,  Calll*fata 

Altai  Ikclta  (1) 


atakal  Cbaataal  Oacpaiattaa  CP-IH 
KmIMK  PjpOTMtoM  OmiMv 
P.O.  Im  lAA* 

•■•aa.  Hall 

Altai  Ukrarlaa  <1) 


Hap  aaatraita,  altk  tka  aataptl**  *( 
Offlaa  at  Haal  Haaarik  caatrattat 

VIA  flkiaf,  laraaa  af  Haal  Hapaaa 
HpaiHaat  a(  tka  Hap 

“-Tningl-  IS, 

AiHi  iieo 


ParAaa  Hlaaraltp 
UlapatM,  Mlaaa 
Altai  IkJ.  laaraa 


GV-ISA  Ifciakal  Ckaalaal  Oarfaratlaa  eP-lN 

Haatak  Malataa 
(I)  P,*.  taa  HI 

•viilHi  Slip,  Wak 

Altai  Ukrarp  taallaa  (I) 


•tatrlkatlaa  af  wIM  prapattaal 
raaarti  fiaa  •tpartatat  af  tka 


Mftaa  af  Halt  Haaarik 
I  altl  ka  kairftaA  kp 


Anv  Oaawaat*  traa»ttta<  Alraatlp 


MtlNate 


•••IM 


<» 


lUtMaa 


CP'IM 

CD 


HtA  Oaatraaui 
VU  Htlaaal  Aaraaaatlaa  aaA 


MHi 


•Klaa  af  iMaraattaaal 


